Introduction
A better understanding of the mechanism of action of compression therapy may help to improve treatment Even though compression therapy has been used for efficacy. Thus we have developed and applied a system for ambulatory monitoring of forces achieved by comcenturies in the treatment of leg ulcers associated with venous disease, its mode of action is still poorly pression therapy. The system, which can detect rapidly changing forces, was used to study forces under comunderstood.
1,2 The efficacy of the treatment is variable, which may be due to the previously demonstrated pression stockings associated with plantar flexion and dorsiflexion of the foot and when walking. variation in the degree of compression that can be applied. [3] [4] [5] One method for assessing how compression therapy has been applied is to measure the degree of compression. However, it is not clear whether Aims measurement of compression should be performed when the subject is stationary or walking. Ambulatory The aims of this study were to develop and apply venous pressure can be elevated in patients with ven-a system for monitoring compression forces during ous ulcers and chronic venous insufficiency (CVI) movement and to investigate compression under gradwho may have a limited range of ankle motion. 6, 7 uated compression stockings during short periods of Compression therapy may assist the calf muscle pump walking. by helping to make incompetent valves competent. The performance of the calf muscle pump might thus be affected by variation in compression forces. Thus Method monitoring forces during movement may help to elucidate the mechanism of action of compression therapy. The sensors, 12.6 mm diameter and 3 mm in height, were placed on the medial aspect of the left leg. The first sensor was placed 9 cm above the medial malleolus (lower), the second where the calf muscle circumference was most prominent (mid) and the third on the upper border of the calf muscle (upper). The sensors were placed directly on the leg, requiring no liquid column, so that measurements could be made during movement. The sensors were placed on soft tissue and not over bone, in order to avoid problems due to point loading of the sensor which could lead to misleading results. Thus the measurements were analogue to digital converter in a notebook computer.
system reading) against manometer reading.
The forces were expressed as pressure and the signals sampled at 400 Hz per channel. The system was calment for one of the sensors in the air chamber is shown ibrated in an air chamber and in a water column.
in Fig. 1 . Pressures were recorded during short periods of
The pressures recorded, when standing, at the lower, standing followed by walking 2 or 3 steps. The position mid-and upper sensors are shown in Table 1 . Thus of both feet was simultaneously monitored during the pressure at the lower sensor was greater than the walking with two force sensing resistors (FSR) placed upper sensor in four of the volunteers. In all volunteers on the sole of each foot. A graph of the variation in the pressure on the mid-placed sensor was greater pressure for each volunteer was printed with a colour than the lower sensor. When standing, the maximum printer. The printouts were used to assess the baseline variation in the analysed graphs was <4 mmHg for pressure and maximum variation in the standing poeach volunteer except subject 6, where the maximum sition prior to walking. The peak pressures seen on variation was <8 mmHg. The maximum increase in each sensor during the short periods of walking were pressure during walking is also shown in Table 1 . also evaluated from the graphs for each volunteer. The
Thus it can be seen that the highest increase in pressure subjects then sat on a bench with both legs horizontal.
during walking was observed on the mid-placed Pressures were recorded during maximal dorsiflexion
sensor. An example of changes in pressure associated and plantar flexion of the left foot. A colour graph with walking is shown in Fig. 3 . printout for each volunteer was again obtained. The During walking, the highest pressure at the midabsolute pressure with the legs horizontal prior to and lower sensor occurred as the weight distribution dorsiflexion and plantar flexion of the left foot was changed from the left heel to the metatarsal heads. A evaluated. In addition, for each volunteer, the greatest clear short transient change in pressure was seen whilst change from the baseline during dorsiflexion and moving onto the left heel in four subjects on the lower plantar flexion was evaluated from the graphs.
sensor, in five subjects on the mid-and in three subjects on the upper sensor. These transient changes in pressure were less than 0.25 s in duration. There were clear changes in forces associated with plantar flexion and dorsiflexion of the foot as shown Results in Table 2 . An example of these changes in shown in Figure 2 . The changes in pressure were dependent on The calibration of the sensors showed close agreement when calibrated in the water column or air chamber sensor position. The pressure change associated with dorsiflexion was most marked on the mid-placed with a mercury manometer, giving a maximum difference of ±3 mmHg. A graph illustrating the agree-sensor. 
Discussion
Previous studies using a variety of compression stockings have observed that the pressure profile under compression stockings is not necessarily strictly graduated [8] [9] [10] [11] which is in accordance with our study. The observed pressure profile is likely to depend upon the positions at which pressure is monitored. For example, the pressure under compression stockings near to ankle level has been found to vary around the leg. In our study, when the volunteers were standing the prominence in the calf muscle. This may be because this is likely to be the position where the tension in the stocking is greatest. Since the calf muscle shape, position and the shape of the leg may vary between individuals, it would be expected to be difficult to compensate for such variations without having custom-made stockings. In our study, the pressure at the lower transducer was greater than the pressure at the upper transducer for four of the six volunteers when standing. It is difficult to predict how the observed variation in surface pressure along the leg influences some disturbance to local forces and, thus, in order to 
